INTRODUCTION
At present, as the city and industrial demand for electricity is increasing, China's nuclear power projects are being built in large scale. Nuclear energy, as a kind of green clean energy, has been favored by all the countries in the world [1] . Japan's Fukushima nuclear safety accident in 2011 reminds us that improving China's nuclear power safety level is the most important thing.
The water supply system is an important part of a nuclear power plant. However, because the water supply system is often used as a non-nuclear grade structure of conventional seismic design, the water supply system may be damaged in the event of a super design benchmark and it cannot provide water which endangers the normal operation of nuclear power facilities.
Therefore, it is important to do the research on the industrial pool system as nuclear power plant emergency water which is meaningful to protect the nuclear power plant under accident conditions of security. The existing methods of seismic analysis of underground structures are numerous, including dynamic time history analysis and response displacement method. Because the result of time history analysis is related to the input of ground motion, the method of step by step is mainly used for direct integration of the dynamic equations, which may lead to the heavy computation [2;3] . Response displacement method has a clear physical concept whose theory is strict. It can consider soil structure interaction problems, the problem of complex structure, and the geological conditions. It is also beneficial to the designer's control, and its calculation accuracy can meet the structural seismic design requirements. Therefore, this paper selects the response displacement method for the seismic design and analysis of nuclear grade industrial pool.
The response displacement method has received much attention from scholars both at home and abroad since it was put forward at the end of 1970s. The method has been improved, and has been applied in many practical projects. Kawashima Kazuhiko [4] assumed that the underground structure is an elastic foundation beam, the deformation of the surrounding ABSTRACT: This article describes the basic principle and calculation method of displacement response method, and implemented in the large finite element commercial software ANSYS. The secondary development of ANSYS and the five point formula were used to obtain dangerous working conditions and internal force distribution of structure, and provide technical support for the industrial pool, a reasonable principal design section and distribution scheme. Numerical simulation shows that the side wall of the industry pool of the maximum moment is in the middle part of the middle and bottom. Under the same Seismic Design Category, the side wall bending moment under seismic action of SL1 is greater than the SL2. The internal force distribution of the column is obvious, and the middle of the industry pool has a maximum internal force. The deformation result of SL2 is larger than SL1 under the action of an earthquake, and the empty water status is a dangerous working condition. Adoption of appropriate measures can meet the aseismic requirements. The results of this paper provide a reference for the seismic design of nuclear power industry pools, or other similar engineering designs.
Keywords: nuclear pool; reaction displacement method; seismic design; foundation resistance coefficient; SL1; SL2 *Corresponding author: zhaojie_gd@163.com medium when the earthquake is applied to the underground structure by the way of static load, and the response of the underground structure is obtained by the static method. Jingbo Liu [5] [6] [7] [8] [9] presented an improved method of response displacement method, namely the use of soil -structure mutual interaction model. This model directly reflects the interaction between soil and structure, and directly through the establishment of soil -structure analysis model to reflect the soil -structure interaction in order to avoid the introduction of the calculation of the foundation spring and the calculation error of the overall response displacement method. Yingmin Li [10] based on existing coefficient calculation formula and the calculation formula of the coefficient of foundation spring experience established and extended it for layered soil. Binjia [11] compared 6 kinds of static finite element methods to calculate the spring coefficient, and obtained the applicability of each method; Li Liang [12] proposed an improved response displacement method, that in the process of finite element analysis, the traditional loading method is abandoned, and the method of unit load is applied to solve the stiffness coefficient of the foundation spring. At present, the response displacement method has been incorporated into the design specifications.
In this paper, the finite element software ANSYS is used to establish a three-dimensional analytical model, using the response displacement method to analyze the structure of the industrial pool and calculate the internal force through the secondary development of ANSYS. According to the structure calculation of the nuclear power industry pool, it obtains the distribution of stress, internal force, and reinforcement scheme.
CALCULATION PRINCIPLE AND METHOD

Basic principle of response displacement method
The response displacement method, whose basic principle is that the underground structures in the earthquake response depend on the movement of the surrounding strata and the displacement difference (relative displacement) of the strata in the earthquake will act on the structure by the spring foundation with static load, so as to obtain the structure stress [13] , as shown in Figure 1 .
In this paper, the basic idea of numerical simulation analysis by using the response displacement method is to solve the forced displacement difference of the natural strata under the constraint of the stratum spring, thus indirectly calculating seismic earth pressure P Z , and the seismic response of the formation of the shear forces is obtained at the same time.
The pool is located in the industrial field, under the earthquake condition, the lateral deformation of strata u z :
Under the action of an earthquake, the two sides of the industrial pool will be forced to change, which will produce the seismic earth pressure with the change of the buried depth P Z :
In the formula, k is the formation of elastic resistance coefficient. In addition, the earthquake in the surrounding area of the industrial pool also produces shear stress:
It should be noted that the foundation of the spring coefficient is calculated as follows:
KA k =
In the formula, k is the spring constant of the foundation; K is the foundation elastic resistance coefficient; A is the soil area which is reflected by the concentrated foundation spring.
Determine the spring constant
The model of free space with holes is built up by two-dimensional plane finite element. The uniform pressure or shear load is exerted on the corresponding cavity edge of the structure and the rock and soil contact. The compression or shear spring stiffness of soil structure interaction is calculated by the relationship between load and deformation. See the schematic diagram of the calculation model, shown in Figure 2 . The elastic resistance coefficient of the soil is determined by K:
In the formula, q -is applied to the uniform load on the contact surface, δ -is the maximum displacement corresponding to the contact surface. 
Method for extracting internal force of structure
Using ANSYS and the three-dimensional entity unit calculates industrial pond section internal force distribution, cross section shape although it can meet the engineering requirements; but the solid element is given only for the node and element corresponding to the displacement and the results cannot be directly obtained (such as bending moment, shear force and axial force). Therefore, through the secondary development of ANSYS and combined with the five point formula, the distribution of structural internal force can be calculated. In this paper, the number of the side wall, the bottom plate and the thickness direction of the top plate are all 4, the corresponding number of nodes is 5. The σ1, σ2, σ3, σ4, σ5 indicates the normal stress on the corresponding nodes. The formula for calculating the internal force on the cross section is [14] : The above formula M is the moment, N is the axial force, and S is the shear.
GENERAL SITUATION OF INDUSTRIAL POOL
Project introduction
The capacity of the single pool of the seawater desalination plant in the nuclear power plant is 5000m 3 ; its length is 33m, its width is 33m, and its height is 5m, which is the structure of the cast in place, reinforced by concrete. The side wall thickness is 500mm, the column section size is 400 × 400 × 5000mm, the roof thickness is 200mm, and the bottom plate thickness is 600mm. The building foundation is located in the micro weathered strata (locally located in the moderately weathered strata).
Calculation Model
The three-dimensional finite element model of industrial water pool is shown in Figure 4 . Finite element model is divided into 8 node solid elements, which are divided into 76,952 entities, 105,509 nodes. 
Calculation parameters (including seismic parameters)
The main rock mass of the foundation of the calculation model is micro weathered rock, locally contained medium weathered rock. According to the proposed value of the geological parameters in the supplementary geotechnical investigation report of the sea water desalination plant in the nuclear power plant, the geological parameters are listed in Table 1 .
The industrial pool adopts C35 concrete, its static and dynamic parameters are given in Table 2 . According to the plane of finite element method, the elastic resistance coefficient of the foundation and soil is given in Table 3 .
Considering the importance of the safety of nuclear power plant facilities, the design of the industrial pool in accordance with the seismic design of the nuclear class structure (load partial coefficients are shown in Table 4 ). Industrial pool has two kinds of conditions: empty water and full of water. Selections of nuclear power plants that can withstand the limit of the most dangerous condition of the seismic load is analyzed, namely the bedrock run safety vibration SL1 horizontal peak acceleration of 0.25g, and rock limit safety SL2 level vibration acceleration peak value is 0.50 g.
Action load and calculation condition
The analysis of the response displacement method in the industrial pool should be based on the national nuclear power code [15] . The calculation is divided into the carrying capacity limit state and the normal use limit state. In the calculation of the bearing capacity limit state, the industrial pool is designed ac- cording to the seismic design of the nuclear structure, and the seismic loads are considered by SL1 and SL2 respectively; calculation conditions according to the load combinations are considered. In this paper, we mainly consider the working condition 1 (SL1, empty water), working condition 2 (SL1, empty water), working condition 3 (SL2, empty water), and working condition 4 (SL2, full water). The load combination is shown in Table 5 .
THE CALCULATION RESULTS
The response displacement method was used to analyze the seismic response of the industrial pool. The stress distribution and the distribution of the internal force of the side wall and column are given. The distribution of stress and internal force are studied.
Stress cloud
The third and fourth conditions of the above four conditions are selected as the case description. The first and third principal stress cloud images of the pool and the column under the load bearing capacity limit state conditions are illustrated in Figure 5~6 . It can be observed from the figure that the stress cloud distribution is continuous, and the distribution of the concrete structure is reasonable. In the response displacement method, it is assumed that the horizontal earthquake action is from right to left, from the back to the front, so the stress value of the right wall and the rear wall is higher than that of the left wall and the front wall. The stress value at the end of the side wall and the middle part of the side wall is larger, and the stress concentration phenomenon occurs.
Internal Forces Results
Take the internal force of the structure extraction method. The limit state of bearing capacity and the summary of the four working side walls and the column of maximum bending moment and shear force are shown in Table 6 -7. It can be seen from the table:
(1) In the same seismic grade under earthquake action SL1 side wall bending moment is greater than the SL2 earthquake. When the water pool is in full water, the internal force of the side wall is decreased because of the mutual offset of the hydrostatic pressure on both sides of the side wall. Under the condition of empty water, the bending moment of the side wall of the pool is the largest, which is a dangerous condition.
(2) Under the same condition, the internal force of the column under the SL2 earthquake action is higher than that of the SL1. With the change of storage, column pressure also changes, column internal almost unchanged. The internal force of the side columns and corner columns decreased, while the water level increased slightly. The water level change in the industrial pool is quite small compared to the internal force of the middle column with the maximum force.
Reinforcement program
By the bearing capacity limit state of internal force calculation and analysis results, the industrial pool can use C35 concrete, reinforced for HRB335 and protective layer thickness of 30mm. For side wall of the main reinforcement scheme it is proposed for 5 phi 20, the distribution of the reinforcement scheme is 5 Phi 16. The column reinforcement should be carried out according to structural reinforcement. To meet the requirements of the minimum reinforcement ratio, it is recommended that 4 Phi 22 reinforcement scheme be used.
CONCLUSION
The nuclear industry pool under accident conditions as emergency water storage structure, to study the seismic design of structure internal force distribution, in considering soil structure interaction, through the industrial pool structure seismic analysis and calculation, system of industrial pool under different loads combination of numerical simulation and analysis, draw the industrial pool of critical parts of the structure internal force data, conclusions are as follows: (1) The maximum bending moment of the side wall of the industrial pool occurs at the middle part and the bottom part of the middle part. In the same condition, the internal force of the side wall under the SL1 earthquake is higher than that of
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the SL2. (2) The law of the internal force of the column is obvious, and the most internal force is found on the middle column. (3) Under the same conditions, the internal force of the column under the SL2 earthquake action is higher than the SL1 earthquake action, and the deformation result under the SL2 earthquake action is more than SL1. (4) Under the same ground motion, the empty water condition is more dangerous than the state of full water. The analysis results show that the appropriate reinforcement measures can be utilized to meet the seismic requirements of the industrial pool under the ground motion.
